Background Performing habitual physical activity (PA) is challenging for many bariatric surgery patients.
Introduction
Compliance with prescribed engagement in habitual physical activity (PA) after bariatric surgery is difficult for many patients [1] [2] [3] [4] [5] . This is problematic given that these patients tend to lose less weight compared to those patients who adhere to a regular program of PA [6] [7] [8] . Thus, gaining a better understanding of factors that influence PA adherence in this patient population may have important implications for increasing PA and optimizing weight loss outcomes.
A key factor in explaining behavioral adherence is intention or motivation to perform a behavior. Prominent theories of health behavior (e.g., Theory of Planned Behavior) feature behavioral intention as a proximal and important determinant of behavior [9, 10] . However, intentions are less likely to be translated into action when ability to perform the behavior is impeded by factors believed to be beyond one's control [9, 10] . This is particularly the case with PA in obese individuals, where such factors (e.g., time, weather, pain/fear of injury, weight/health status, etc.) are frequently perceived as hindering ability to adhere to habitual PA [11] [12] [13] [14] . To our knowledge, only one previous study has examined the role of intention in PA among obese patients after undergoing bariatric surgery [15] . Results showed that stronger intentions to exercise were related to greater self-reported leisure-time PA. Additional research in this area is clearly needed.
The assessment strategy used to measure the relationship between intention and PA behavior is important. It is well known that the retrospective self-report measures (e.g., questionnaires and interviews) that are often used to assess participants' health behaviors from the preceding weeks and months are susceptible to bias that can affect validity [16] [17] [18] [19] . Human memory is not often highly accurate over such periods, which may lead individuals to rely on their current behavior and/or mood state, for example, to reconstruct what they assume their behavior must have been. Social desirability bias may further influence participants to report behavior that is consistent with what participants believe researchers and clinicians want and expect. Thus, it has been suggested that retrospective selfreport measures should be used with caution [20] .
The current study advances knowledge of PA intentions and behavior in bariatric surgery patients by using ecological momentary assessment (EMA) to examine the relationship between PA intention and PA behavior naturalistically in real time. Modern EMA typically involves the use of a palmtop computer or mobile phone to measure participants' current behaviors, internal states, and/or environmental conditions several times per day over several days or longer [20] . EMA is thought to be less susceptible to biases of retrospective self-report because participants report on events as they occur. Furthermore, the strategy of sampling behavior over repeated occasions may result in more reliable conclusions. The current study is the first to use EMA to assess the: (1) frequency with which patients intended to be active and the amount of PA they intended to perform; (2) extent to which PA intentions reported at the start of the day were fulfilled by the end of the day; and (3) associations between PA barriers and implementation of PA intentions.
Methods

Participants and Procedures
Participants were recruited from surgery clinics in Providence, RI, USA and had laparoscopic adjustable gastric banding (LAGB) or Roux-en-Y gastric bypass surgery (RYGB) approximately 6 months before study enrollment. Recruitment procedures have been described in detail previously [4] . Of 32 patients who expressed interest in the study and granted permission to be contacted, 21 attended a study orientation during which they provided consent, received training on how to use the EMA electronic device, and had their height and weight measured. Participant's preoperative weights were obtained from their medical record. Participants were encouraged to exercise as part of the routine standard care offered by the bariatric surgery team but were not given any exercise goals as part of this study. The study was described to participants as an evaluation of health behaviors in bariatric surgery patients.
The battery-operated PalmPilot m500 handheld computer was used to collect all EMA data. The Satellite Forms software package was used to develop and deliver the survey forms used to collect participant data via the device during EMA. Participants used a stylus to select response options to multiple choice options on a touch screen. Training participants in the use of this device consisted of at least a 1-day simulation of responding to questions about PA intentions; reporting frequency, intensity and duration of PA performed; and indicating barriers to PA. Participants completed practice ratings until they could report in response to hypothetical scenarios without error. Participants were instructed to begin the EMA protocol immediately after conclusion of the training session and continue reporting for at least 6 consecutive days. On average participants required less than 5 min to complete each EMA assessment. At the end of the 6-day EMA protocol, participants returned the device to the research laboratory where the device was connected to a personal computer to download the EMA data. To promote compliance with responding, participants were sent reminders in the form of an audible tone at six semi-random times during the day for either the first or last 3 days of their participation (randomly assigned). Participants received $50 after completing all study requirements. Study procedures were approved by The Miriam Hospital Institutional Review Board (Providence, RI, USA).
Measures
EMA of PA Intentions, Behaviors and Barriers Upon waking each day, participants were asked whether they intended to be active that day, and if so, the number of PA minutes they intended to accumulate in bouts of at least 10 min in duration. Each evening, participants provided information on PA performed that day including minutes of PA performed and the intensity at which different activities were performed using the talk test [21] . Participants also indicated "yes" or "no" to whether they encountered any of a number of listed barriers (i.e., lack of time, too tired, pain or discomfort, lack of equipment, no place to exercise, poor weather, having to exercise alone, illness, and do not like exercise) each evening, regardless of reported PA levels. Participants also responded to questions about eating behavior that have been reported on previously [4] . Given that participants started and ended their days at varying times, the questions asked upon waking and in the evening were completed at times selected by the participant and were not prompted.
Demographic characteristics Data on demographics (i.e., age, race/ethnicity, marital status, and education level) were collected via questionnaire.
Statistical Analysis
Descriptive statistics were generated for all variables, including means and standard errors (SE) for continuous variables and raw counts with percentages for categorical variables. Linear mixed models adjusting for non-independence of observations were used to estimate means and SEs for continuous variables assessed via EMA (i.e., minutes of PA) and to evaluate the association between minutes of intended and performed PA. A nonlinear mixed model adjusting for nonindependence of observations was used to evaluate the proportion of days that lack of time was reported as a barrier to PA (yes/no; outcome modeled using the Bernoulli distribution), comparing days that participants reported no intention to be active and did not accumulate any PA, versus days they reported PA intentions, but did not fully implement their intention. Data from 123 days of EMA in which participants completed both a morning and an evening rating were included in the analysis. The 3 days with insufficient adherence to the EMA protocol that were excluded from analysis were distributed over three participants, thus allowing each participant to contribute roughly equally to all analysis.
Results
Participant Characteristics
The 21 participants were 48.5±2.8 years old, primarily female (81%), White (71.4%), and married (57.1%), with less than a 4-year college degree (66.7%). Before surgery, they weighed 128.1±4.2 kg, with a body mass index (BMI) of 48.1±1.8. Upon study enrollment 6.1±0.5 months after surgery (7 RYGB and 14 LAGB), participants had lost 21.4±1.7% of their initial body weight to achieve a new weight of 100.6± 3.5 kg, and a BMI of 37.8±1.6.
PA Intentions and PA Behavior Figure 1 depicts the frequency of PA intentions and the extent to which intended amounts of PA were achieved for each of the 21 participants. All participants intended to be active on at least 1 day. However, only 9 of the 21 (42%) intended to be active on ≥70% of days. Twelve participants (57.1%) performed some PA on each of the days they intended to be active, but none achieved their target PA amount on all of these days. Fig. 1 Frequency of physical activity intentions and extent to which intended amounts of physical activity were achieved: by participant and across days. White bars PA intention met; gray bars some PA, but below intention; black bars no PA. Note. The total height of the bar represents the percentage of days that each participant intended to be active. The shading represents the degree to which the intended amount of PA was achieved As represented by the far right bar in Fig. 1, participants reported an intention to be physically active on 81 of 123 days (65.9%) and planned to perform an average of 53.7 ± 3.6 min of activity per day. Participants partially implemented their intention (performed at least 10 min of PA) on 49 (60.5%) of the 81 days, but fully implemented their intentions on only 15 (18.5%) of these 81 days. On days that participants intended to be active and performed some PA, they spent an average of 42.2±3.9 min in PA. However, averaging across all days that they intended to be active (including those when PA was not performed), participants performed 34.0±3.4 min of PA. The average discrepancy between intended and actual PA was a deficit of 19.6±3.5 min. The number of minutes that participants planned to be active was similar on days that PA was actually performed (52.8±3.5 min) versus not performed (52.1±3.8). Higher minutes of intended PA were associated with higher minutes of performed PA (coefficient00.3, SE00.2, p00.029).
Participants reported no intention to be physically active on 42 of 123 days (34.2%). PA was performed in the absence of a previously reported intention on only 1 of these 42 days (2.4%), for 10 min, during the EMA period.
PA Barriers "Lack of time" was the most commonly endorsed PA barrier (reported on 34.2% of EMA days, n042 days), followed by "too tired" (7.3% of EMA days, n09 days), "pain or discomfort" (4.9% of EMA days, n06 days), "poor weather" (4.1% of EMA days, n05 days), "lack of equipment" (1.6% of EMA days, n02 days), "no place to exercise" (1.6% of EMA days, n02 days), "do not like exercise" (1.6% of EMA days, n02 days), "illness" (0.8% of EMA days, n0 1 days), and "having to exercise alone" (0% of EMA days, n00 days). The proportion of days that "lack of time" reported as a barrier was greater on days that participants reported no intention to be active and did not accumulate any PA (33 of 42 days), versus days they reported PA intentions, but did not fully implement their intention (9 of 66 days; adjusted OR022.7, p<0.001).
Discussion
Severely obese individuals who undergo bariatric surgery often find it challenging to adhere to a regular structured PA routine [1] [2] [3] [4] [5] . The present study employed EMA methodology to discern, over multiple days, whether insufficient PA in a bariatric surgery patient sample was due to low occurrence of PA intentions or failure to follow through on PA intentions. Our findings suggest that both of these issues contribute to bariatric surgery patients' lower PA levels. Of the 21 participants, 12 or the majority (58%) did not intend to be active on a near daily basis, and 8 of these 12 participants intended to be active on only half or less of days. Clearly, when participants did not intend to be active, they did not perform PA, but even when they did intend to be active, they only performed the amount of PA they intended on 18.5% of days. On average, participants fell 20 min short of their intended PA target on days that they intended to be active. Thus, it appears that most bariatric surgery patients do not intend to be active on most days and all have difficulty in fully implementing their intentions.
Intention or motivation to perform a behavior is featured as an important determinant of behavior in several health behavior theories [10] . Accordingly, we found that PA was rarely performed in the absence of an intention. Additionally, our findings suggest that participants' lack of PA intentions frequently owed to time constraints. Although it is unclear whether participants' perception of "lack of time" is congruent with reality or merely a proxy for low PA motivation; interventions that provide guidance in time management may help to increase the frequency of both PA intentions and behavior among bariatric surgery patients.
Consistent with previous research in examining the role of intention in PA behavior in obese individuals [13, 15] and the general population [22] , we found that intention to engage in PA was associated with more frequent engagement in PA. Moreover, participants who intended to perform greater PA or set higher PA goals engaged in higher levels of PA. Similarly, a previous study showed that obese individuals who were prescribed higher PA goals within the context of behavioral weight loss treatment engaged in higher levels of PA [23] . Consequently, future research is needed to test which goal setting approaches are most efficacious for increasing PA in bariatric surgery patients.
Our findings also suggest that intention to engage in higher PA levels alone may be insufficient to fully achieve desired PA levels. Even on days that participants intended to be active, they rarely performed the amount of PA they intended. Past research suggests that this discrepancy may be due to factors such as placing less value on the positive health consequences of PA and beliefs that engaging in regular PA is too tiring or time consuming [24] . In line with this latter barrier, studies also suggest that incongruence between PA intentions and behavior may be a product of inadequate planning. Planning has a direct influence on PA behavior and is also a mediator of the relationship between PA intentions and behavior such that those who intend to engage in PA are more likely to plan and those who do plan are more likely to engage in PA [25, 26] . Thus, interventions that focus on helping bariatric surgery patients plan when, where, and how they will perform PA may help them bridge the division between their intended and actual levels of PA.
This study is novel in that it is the first to utilize EMA to conduct a naturalistic, real-time assessment of the relationship between PA intentions and behavior in severely obese patients after bariatric surgery. However, our findings should be viewed within the context of certain limitations. Our study was conducted among a small group of patients who may have had more frequent PA intentions compared to the general bariatric surgery population. Our small sample comprised mostly of female patients who underwent different surgical procedures (that produce different rates of weight loss) limited our ability to produce valid estimates of associations between PA intentions/behavior and factors such as gender, BMI, and weight loss. Consequently, future studies incorporating larger and more diverse samples are needed so that appropriate analyses can be conducted to explore factors underlying the PA intention and behavior relationship in this population.
It is promising that participants reported an average of 34 PA minutes on days that PA was intended, which if performed consistently would fulfill national recommendations [27] . However, this finding should be interpreted with caution. While the EMA protocol required participants to report on PA each day, thereby limiting retrospective bias, participants may still have overestimated their PA. Moreover, given our previous work showing that patients' postoperative PA levels are much higher when assessed via self-report versus objective measures [5] , future EMA studies in this area should incorporate an objective PA measure (i.e., accelerometry).
Although we attempted to examine the relationship of different PA barriers to bariatric surgery patients' PA-related intentions and behavior, "lack of time" was the only barrier that participants endorsed with any regularity. Consequently, additional research is needed to identify other barriers to PA and their association with intentions and motivation to exercise in bariatric surgery patients. We did not assess constructs shown to influence PA intention, particularly attitude, social norms, and perceived behavioral control [13, 15, 22, 26, 28, 29] . Future studies are needed to examine variables that influence PA intentions in bariatric surgery patients and thus can be targeted to increase PA. Finally, while we only studied bariatric surgery patients, infrequent PA intentions and/or failure to follow through on PA intentions is a common problem in the general population as evidenced by low adherence to PA recommendations [30] . However, obese individuals, including those who have undergone bariatric surgery, appear to experience greater difficulty in this domain than individuals who have a normal weight [1-5, 8, 31, 32] and thus may require additional intervention to modify PA intentions and behavior.
In conclusion, we found that the majority of bariatric surgery patients in our sample did not intend to be active on nearly daily basis. Additionally, when patients did intend to be active, they rarely performed the amount of PA they intended. Thus, future studies are needed to determine whether planning strategies can help bariatric surgery patients to increase and successfully implement PA intentions so as to promote greater PA participation and consistency.
